Secondary aerosol is a major component of PM2.5, yet its formation mechanism in the 26 ambient atmosphere is still an open question. Based on field measurements in 27 downtown Beijing, we show that the photolysis of nitrous acid (HONO) could promote 28 the formation of organic and nitrate aerosol in wintertime Beijing as evidenced by the 29 growth of the mass concentration of organic and nitrate aerosols linearly increasing as 30 a function of consumed HONO from early morning to noon. The increased nitrate also 31 lead to the formation of particulate matter ammonium by enhancing the neutralization 32 of nitric acid by ammonia. We further illustrate that over 50 % of the ambient HONO 33 during pollution events in wintertime Beijing might be related to traffic-related 34 emission including direct emission and formation via the reaction between OH and 35 vehicle-emitted NO. Overall, our results highlight that the traffic-related HONO plays 36 an important role in the oxidative capacity and in turn, contribute to the haze formation 37 in winter Beijing. Mitigation of HONO and NOx emission from the vehicles might be 38 an effective way to reduce secondary aerosol mass formation and severe haze events in 39 wintertime Beijing.
1.
Introduction 42 China is one of the most suffering countries from the pollution of fine particulate matter 43 with diameter less than 2.5 m (PM2.5) (Lelieveld et al., 2015) . Although the regional
The emission rate (EHONO, ppbv h -1 ) was calculated based on the emission flux weight (g mol -1 ), T is the temperature (K) and P is the atmospheric pressure (Pa).
156
The production rates of HONO (PHONO, ppbv h -1 ) in the troposphere was calculated 157 by,
where, k1 is the quasi first-order reaction rate constant (s -1 ), cprecursor is the concentration 160 of precursor (ppbv) . For homogeneous reaction between NO and OH, 161 1 = 2 • (4) 162 where, k2 is the second-order reaction rate constant (7.210 -12 cm 3 molecule -1 s -1 ) (Li et 163 al., 2012) , cOH is the OH concentration (molecules cm -3 ). For heterogeneous reaction, 
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As for photolysis reaction, the first-order reaction rate was
where, J is the photolysis rate to produce HONO (s -1 ).
181
The loss rates of HONO by photolysis ( 2004), and vd is the dry deposition rate of HONO (0.001 m s -1 ) (Han et al., 2017) .
190
In addition, even though all the current known sources had been considered in 191 models, the modelled daytime HONO concentrations were still lower than the observed 192 concentration (Tang et al., 2015; Michoud et al., 2014) . Therefore, the HONO 193 concentration could be described in equation (12) Similar to previous measurements (Guo et al., 2014; Wang et al., 2016) , the air 203 pollution events showed a periodic cycle of 3-5 days during the observation, as 204 indicated by the concentration of NR-PM2.5 ( Fig. 1A) , gaseous pollutants and the 205 visibility ( Fig. S2 ). During the observation period, 20-60% of hourly PM2.5 206 concentration was higher than 75 μg m -3 in each month (Fig. S3A ). In particular, the 207 frequency of severe polluted episodes in March was obviously higher than that in the 208 rest months ( Fig. 1 and S3 ), resulting in the highest monthly mean concentration of intensity in March.
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HONO, which has been recognized as the important precursor of OH radical (Ren should be more important as 75 % of the wind speed was less than 1.0 m s -1 ( Fig. S6 ).
273
In polluted days in winter, the maximal POH-HONO and POH-O3 were 1.730.86 × 10 7 274 molecules cm -3 s -1 (2.431.21 ppb h -1 ) and 1.031.06 × 10 7 molecules cm -3 s -1
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(1.451.49 ppb h -1 ), respectively ( Fig. 2A) ppb h -1 ) and 6.514.17 × 10 7 molecules cm -3 s -1 (9.155.86 ppb h -1 ), respectively.
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As shown in Fig. 2A , the daytime POH-HONO was always significantly higher than 283 https://doi.org/10.5194/acp-2020-150 Preprint. chosen (Fig. 1) to uncover the connection between aerosol formation and HONO 306 photolysis. The 1 st , 3 rd and 5 th episodes were clean days and the other 9 episodes were 307 typical haze events with duration above 2 days. The features of these episodes were 308 summarized in Table S2 . CHONO/CCO (R=0.67, Fig. S5E ), suggesting that the increase of particle-phase nitrate 328 in the daytime should also be promoted by OH radical from HONO photolysis.
329
Interestingly, and Cammonium/CO also showed a good correlation with -CHONO/CCO 330 (R=0.61, Fig. S5E secondary formation was negligible in the urban atmosphere. Therefore, we further 366 estimated the HONO/NOx ratio using a low limit correlation method (Li et al., 2012) .
367
In the 2D space of HONO verse NOx (Fig. S7) , the lowest marge with NO/NOx 368 larger than 0.8 were chosen for linear correlation. The ratio of HONO/NOx is 369 1.170.05%. This value is lower than that estimated above, while is very close to that lower than other sources due to the very small NO2 on particle surface. It should be 465 pointed out that the initial uptake coefficient (ini) was parameterized in this work. This 466 will overestimate the contribution of heterogeneous reaction of NO2 to HONO source 467 because the steady-state uptake coefficient is usually one order of magnitude lower than 468 ini (Han et al., 2013; Liu et al., 2015) . These results mean that heterogeneous reaction 469 should be unimportant for HONO source.
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Comparison among different HONO sources. Fig. 3 polluted days in winter.
519
As shown in Fig. 3 , uncertainties existed when calculating each HONO source. To 520 further understand the role of traffic emission, we also estimated the lower limit of the 521 traffic-related contribution as follows: 1) the lower limit of Evehicle was obtained by and UVB intensity during observation. We consider the period before Apr. 1 as winter.
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During the winter period, 12 cases are selected and numbered, including three clean 932 cases (1, 3, and 5, marked in yellow) and the rest 9 pollution episodes (marked in blue). and Pground are used as described in the text. 
